It has been suggested that vitamin D contributes not only to bone mineral metabolism but also to important other physiological processes. Vitamin D levels have been associated with increased mortality in predialysis and incident HD patients, but no data is available on the association between vitamin D levels and survival in prevalant hemodialysis (HD) patients.
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It has been suggested that vitamin D contributes not only to bone mineral metabolism but also to some physiological processes, such as hypertension, insulin resistance, inflammation, cell proliferation, immune system modulation and vascular calcification (1) (2) (3) (4) (5) (6) . Many studies in non uremic patients reported that vitamin D levels are associated with increased mortality (7) (8) (9) . Although it has been shown that low vitamin D level is a predictor for early all cause mortality in incident HD patients (10) , no data is available on the relationship between vitamin D levels and all-cause mortality in prevalant hemodialysis (HD) patients. The aim of this study was to prospectively investigate the impact of serum 25-OH and 1.25-OH 2 vitamin D levels on all-cause mortality in prevalent HD patients.
mATERiALs and mETHoDs subjects
Between December 2005 and March 2006, 545 of the 853 prevalent patients undergoing hemodialysis at eight Fresenius Medical Care Dialysis Units, who had serum available and met the inclusion and exclusion criteria were recruited in this prospective observational study. There was no difference regarding demographical, clinical and laboratory parameters between the patients recruited and not-recruited into the study. All-cause mortality was prospectively evaluated after 2-year follow-up period.
Inclusion criteria were to be aged between 18-80 years, being on at least 12 hours/week bicarbonate thrice weekly, chronic HD and willingness to participate in the study. Patients with serious life-limiting co-morbid situations such as active malignancy, infection, end-stage cardiac, pulmonary or hepatic disease, and those who were pregnant or lactating were excluded.
Patient characteristics was mean age of 58 ± 14 years (18-80), 46% female, HD duration 54 ± 45 months (24-336 months), and prevalence of diabetes 22%. Use of vitamin D was 14%, high flux membrane 30-60%, calcium-based phosphate (either calcium acetate or carbonate) binder 89%. No patient was on sevelamer or alluminum-containing phosphate binders. No patient was on sevelamer or alluminum-containing phosphate binders. The percentages of dialysates, containing 1.25, 1.50 and 1.75 mmol/L calcium were 6%, 38%, and 56%, respectively. Ultra-pure dialysate has been used in 10% of dialysis machines.
All patients gave signed informed consent. The study protocol was reviewed and approved by the local institutional ethics board. The study was conducted according to the principles of the Declaration of Helsinki.
Laboratory measurements
Blood samples were drawn using uniform techniques after fasting immediately before the single mid-week dialysis session. 
statistical analysis
The association between vitamin D levels and other variables was assessed using Pearson's correlation analysis. All-cause mortality predictors were assessed by Cox regression analysis, cumulative survival by Kaplan-Meier analysis.
REsULTs
Baseline demographical, clinical and laboratory data of the study patients are listed in (Table I) . The frequency of patients with spKt/V>1.2 was 88%, serum phosphate>5.5 mg/dl 14%, and iPTH<150 pg/ml 70%. The number of patients taking erythropoietin medication was 181 and mean weekly dose was 5370 Unit. Intravenous iron was used in136 patients and mean weekly dose was 90 mg. There was only 10 patients, 1.42% of population, who take renin angiotensin system inhibitors, either enzyme inhibitor or receptor blocker. During the follow-up (22 ± 7 months), 76 patients died.
Comparison of patients who remained alive and who died are presented in (Table II) . Patients who died were older, had higher frequency of diabetes, higher systolic blood pressure, higher hs-CRP levels, lower serum albumin and hemoglobin levels. 25-OH (34 ± 0.7 vs 39 ± 24 ng/ml, p<0.05) and 1.25 OH 2 vitamin D levels (15.8 ± 8.8 vs 19.8 ± 12.8 pg/ml, p<0.01) were lower in the patients who died.
1.25-OH 2 vitamin D levels were positively correlated with iPTH (r: 0.151, p<0.01) and inversely correlated with age (r: -0.102, p<0.05). There was no correlation present with any of the other parameters shown in (Table II) . (Table III) .
In adjusted Cox-regression analysis, 1.25-OH 2 vitamin D level, but not 25-OH, vitamin D was found as an independent predictor for all-cause mortality besides age, systolic blood pressure, serum albumin and hs-CRP level (Table IV) . Low 1.25-OH 2 vitamin D level was found as an independent predictor for all-cause mortality in non-diabetic study group (n=423) even after inclusion of time-averaged vitamin D therapy dosage into the model (Table V) . 
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Patients with CKD are at high risk of vitamin D deficiency because of defective photoproduction of cholecalciferol due to uremic status (11) . As the active form of vitamin D (1.25-dihydroxyvitamin D 3 ) is produced by the kidneys from 25-hydroxyvitamin D 3 (25-OH vitamin D, calcidiol), decrease of the former could be expected in these patients. However, contrary to this, reduced levels of both 25-OH and 1.25-OH 2 vitamin D had been reported in CKD as well as in HD patients (6, (12) (13) (14) .
Vitamin D plays a major role in calcium phosphorus metabolism; it is essential for bone homeostasis in healthy and chronic kidney disease (CKD) patients. Beyond the Ca-P-PTH axis, vitamin D is also important in many physiological systems (1-6). The role of bone and mineral abnormalities in cardiovascular disease of patients with CKD and the relationship between vitamin D levels and patient outcome has received increasing attention in past decades (15) (16) (17) (18) . In a three-year prospective cohort investigation in chronic peritoneal dialysis patients (19) , low 25-OH vitamin D levels were shown to be a risk factor for cardiovascular events. In hemodialysis patients, one study reported that both 25-OH and 1.25-OH 2 vitamin D deficiencies were associated with increased early all-cause mortality during the first 90 days after start of dialysis treatment (10) .
The presented study is the first study to prospectively investigate the relationship between vitamin D levels and allcause mortality, as well as clinical parameters, in a 2-year followup in prevalent HD patients. We showed that only low 1.25-OH 2 vitamin D levels were associated with all-cause mortality in prevalent HD patients. In univariate analysis, 25-OH vitamin D level was also associated with all-cause mortality, whereas this was lost after adjusting for other nutritional markers. 25-OH vitamin D level was associated predominantly with nutritional parameters, gender and diabetes status as also reported by others (11) . Although the direct causal relationship between 25-OH vitamin D and cardiovascular disease has not been established, geographic latitude, presumably due to the inadequate sun exposure and winter season are associated with increased cardiovascular disease in this group which 25-OH vitamin D levels are the lowest (20) . The seasonal variations in 25-OH vitamin D levels may effect the study results in any cohort. In our study the long term follow up period removes one important distinction factor. The appropriate geographic latitude besides Our results contradict to the study by Wang et al (19) , who reported that low serum 25-OH vitamin D levels are associated with cardiovascular mortality in peritoneal dialysis patients. The authors found that very low levels of 25-OH vitamin D levels were associated with fatal cardiovascular events. However, in our study population, only 10% of the patients had 25-OH vitamin D levels<10 ng/mL. The difference in dialysis modality may have also yielded this difference. As we know peritoneal dialysis patients have more residual renal function as compared to HD patients.
In the study by Wolf M. et al (10) , the authors reported that low vitamin D level is a predictor for all cause mortality (24%) in the first 90 day period in incident HD patients. These data are hard to apply to prevalent HD patients due to difference in mortality risks associated in the first 90 days (10). More recently Ravani et al showed that low serum 25-OH vitamin D levels predict kidney disease progression and death in patients with stage 2-5 CKD (24). The relatively older patients without HD and small sample size made difficult to compare their results with our patients' outcome. Finally, different sun exposure (25) , and percentage of diabetes may explain these discrepancies.
The association between hypertension and vitamin D levels is not clear. Some reports showed lower vitamin D level associate with higher blood pressure (26) while some did not (27) . We did not find significant correlations between both 25-OH and 1.25-OH 2 vitamin D levels and bood and pulse pressures. However it is important to point out that pathophysiology of blood pressure regulation in HD population is more complex and different from normal population.
Lower annual mortality rates in our study may probably be due to the strict volume control strategy apllied in our centers, as shown by mean SBP and DBP of patients. Previously, our group has shown that strict volume control is associated with better cardiac functions and less all cause mortality (28) (29) (30) (31) (32) (33) . Good control of hypertension observed in our population diminishes the effect of hypertension on mortality and the vascular system and therefore provides a clearer effect for the association reported in this paper. Any medication which can alter mortality rates in patients with end stage renal disease, such as statins, erythropoietin, intravenous iron and renin angiotensin system inhibitors were the same in study patients who were alive and those that were not.
In conclusion, low 1.25-OH 2 vitamin D levels are associated with higher all-cause mortality in prevalant hemodialysis patients.
